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Abstract
Background: The life-time incidence of low back pain is high and diagnoses of spinal stenosis and disc prolapse
are increasing. Consequently, there is a steady rise in surgical interventions for these conditions. Current evidence
suggests that while the success of surgery is incomplete, it is superior to conservative interventions. A recent
survey indicates that there are large differences in the type and intensity of rehabilitation, if any, provided after
spinal surgery as well as in the restrictions and advice given to patients in the post-operative period.
This trial will test the hypothesis that functional outcome following two common spinal operations can be
improved by a programme of post-operative rehabilitation that combines professional support and advice with
graded active exercise and/or an educational booklet based on evidence-based messages and advice.
Methods/Design: The study design is a multi-centre, factorial, randomised controlled trial with patients stratified
by surgeon and operative procedure. The trial will compare the effectiveness and cost-effectiveness of a
rehabilitation programme and an education booklet for the postoperative management of patients undergoing
discectomy or lateral nerve root decompression, each compared with “usual care"using a 2 × 2 factorial design.
The trial will create 4 sub-groups; rehabilitation-only, booklet-only, rehabilitation-plus-booklet, and usual care only.
The trial aims to recruit 344 patients, which equates to 86 patients in each of the four sub-groups. All patients will
be assessed for functional ability (through the Oswestry Disability Index - a disease specific functional
questionnaire), pain (using visual analogue scales), and satisfaction pre-operatively and then at 6 weeks, 3, 6 and 9
months and 1 year post-operatively. This will be complemented by a formal analysis of cost-effectiveness.
Discussion: This trial will determine whether the outcome of spinal surgery can be enhanced by either a post-
operative rehabilitation programme or an evidence-based advice booklet or a combination of the two and as such
will contribute to our knowledge on how to manage spinal surgery patients in the post-operative period.
Trial Registration: Current controlled trials ISRCTN46782945
UK CRN ID: 2670
Background
Currently we are approaching the end of the Bone &
Joint Decade, which at its onset identified low back pain
(LBP) as one of its main focuses [1]. Whilst LBP is not
a life threatening condition it does affect a large propor-
tion of the population with a point prevalence of
between 12-35% and a lifetime prevalence of 49-80%[2].
It is therefore not surprising that it is the second leading
cause of sick leave [1], impacting on health care utilisa-
tion and contributing to disability and work loss. As
such it is one of the most costly health problems facing
society. Maniadakis and Gray [2] estimated that there
are 3.1 million adults in the UK suffering with LBP each
year, costing the UK over £9 billion per annum. Whilst
the prevalence of back pain is high, a survey in 1994 by
the Office of Population Censuses and Surveys indicated
that only 10% of affected individuals attend an NHS
outpatient clinic and only 0.5% undergo any surgical
intervention[3]. Nevertheless, inpatient treatment, of
which surgery is a key component, forms the largest
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single element of overall expense to the NHS related to
back pain[4], possibly as high as 30% of the overall
direct cost of back pain[5].
Two of the commonest surgical procedures performed
on the spine are discectomies for herniated discs[6,7]
and nerve root decompression for spinal stenosis[8].
The rates of both of these interventions are rising, parti-
cularly with respect to decompression surgery for spinal
stenosis which has been attributed to a growing ageing
population [8,9]. The existing literature is sufficiently
supportive of the operative management of nerve root
stenosis and disc protrusion as to preclude a new trial
comparing surgical versus conservative treatment of
these conditions [10-16]. However, the success of these
surgical procedures and patient satisfaction with the
outcome, are variable. In decompression surgery for
spinal stenosis, success rates have ranged from 58-69%
[7,17,18], with patient satisfaction ranging from 70-81%
[9,13,19]. McGregor & Hughes [19] found much lower
levels of patient satisfaction which was attributed to
unrealistic expectations of surgery. This contrasts with
Yee et al[9] who suggested that 81% of patient expecta-
tions were met by surgery - however, Yee provided
patients with detailed pre-operative information. The
approach used to assess satisfaction and type of out-
come measures used may also contribute to this varia-
tion in findings. It has been suggested that whilst leg
pain improves following decompressive surgery, func-
tional improvements are less marked[18,20] and this in
turn may impact on quality of life [21], so whilst one
outcome is deemed successful others are less so. This
suggests that there is scope for improvement, particu-
larly with respect to functional outcome.
Discectomy for disc prolapse has higher success rates,
ranging from 65-90%[9,22,23], but residual back and leg
pain and recurrent herniation remain the major post-
operative problem in lumbar disc surgery [21]. Indeed
Soldberg et al [22] reported that 4% of patients got
worse after surgery, and Yorimitsu et al [24] indicated
that up to 10% had significantly more leg pain and a
further 10% had significantly more back pain. In terms
of function, Yorimitsu et al [24] noted that only 40% of
patients returned to pre-sciatica levels of recreational
activity, which concords with the work of Thomas et al
[25] which suggested that postoperatively discectomy
patients health related quality of life scores remain
lower than in the normative population.
The upshot is that more could be done to improve
functional outcome and quality of life following both
types of surgery. Several approaches have been taken to
improve these outcomes including optimising patient
selection [1,26,27], refining and exploring new surgical
techniques [1,28-31], and lastly improving post-operative
care and management [32-34]. In May 2003 a workshop
comprising surgeons (both orthopaedic and neurosurgi-
cal), physiotherapists, statisticians, economists and epi-
demiologists was convened to discuss these three
different approaches and their relative benefits. The con-
clusion of this meeting was that there was a paucity of
knowledge with respect to post-operative management
and that addressing this area may provide significant
health impact for this patient population. It was agreed
that an important first step was to establish current
practice with respect to post-operative management fol-
lowing spinal surgery.
Consequently a national survey of practice in the UK
was performed. This revealed wide variation in recom-
mendations to patients by surgeons with respect to
activity levels and return to work following surgery [35].
Only 35% of surgeons provided written post-operative
instructions; there was limited referral to physiotherapy,
with only 45% referring patients to a physiotherapist for
an average of 1.8 sessions of treatment; and 18% of sur-
geons advocated the use of a corset post-operatively,
with others restricting sitting or encouraging bed rest.
Other studies have also noted marked differences
between surgeons in recommendations regarding return
to work and lifting [1,36-38]. In summary, although
individual surgeons may be certain of their practice, the
overall variation in post-operative management suggests
uncertainty and the literature reveals limited evidence
for current practices.
With the improvements in pain associated with mini-
mal improvements in function [20,24], there is an
increasing body of evidence suggesting a need for reha-
bilitation, with evidence of muscle dysfunction in back
pain patients[1,39,40], with further deterioration and
damage to the muscles as a result of surgery [41,42].
However, while there appears to be a need for some
form of post-operative rehabilitation, our survey sug-
gests that uptake is currently poor in the UK, with
many surgeons providing simple advice only [35]. A
review [43] identified thirteen controlled trials that com-
pared an active rehabilitation programme with standard
post-operative care in patients undergoing spinal sur-
gery. These studies suggested that a vigorous post-
operative exercise regime led to a more rapid return to
work. However, most of these trials were small (a mean
of 72 participants, range 12-212) and the measures of
outcome limited. In addition, the statistical analysis was
inappropriate in some instances, with emphasis on long-
itudinal comparisons within trial groups rather than
between-group comparisons at follow-up. Since this
review a number of further randomised and cohort stu-
dies have been performed comparing a range of inter-
ventions from self directed stretching and stabilisation
exercises [44], behavioural graded activities [1,33,45],
neuromuscular training [46], stabilisation classes and
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mixed therapies [47] and home educated and self man-
agement interventions [33,48]. Again many of these stu-
dies were underpowered, with many comparing
interventions such as exercise with education rather
than using the limited post-operative care detailed in
the recent UK survey [35] as the comparator. Conse-
quently although differences between treatment arms
were noted, it is not clear what their real impact would
be with respect to usual care, and often these differences
did not persist at long term review which may be related
to the low power.
As a consequence there is a range of different prac-
tices with respect to post-operative management with
limited scientific basis for these interventions. This
would suggest that further large rigorously-designed and
well-executed randomised trials are required. Using the
information obtained from both the survey and litera-
ture review such a study would need to consider the use
of educational material, some form of rehabilitation,
and/or a combination of both and “usual care”. To
design such a trial however, necessitates the availability
of both a standard rehabilitation programme and appro-
priate education material. Considering educational mate-
rial initially, a review of the literature, internet and
utilising the information from the survey [35] revealed
that there was no standard practice and a wide range in
the accuracy and extent of information provided. Thus,
prior to commencing a trial appropriate educational
material had to be developed. Based on the success of
“The Back Book” [49,50], it was felt that a booklet may
be an appropriate forum to deliver such information,
and that making the content evidence-based would help
address the general confusion in the publically available
information to patients. Therefore, a large literature
review into post-operative management was instigated
and this was used to synthesise key messages for a post
operative educational booklet which was subsequently
evolved, evaluated and published [34,51].
The next step was to develop a post-operative inter-
vention that was acceptable to both surgeons and
patients. It was not possible to base this on current evi-
dence as this was lacking, with respect to content and
timing. At the initial workshop to develop this study,
the surgeons were reluctant to discharge their patient
directly into a rehabilitation class and the general con-
sensus was that any form of rehabilitation class should
start no sooner than 6 weeks post-operatively. Previous
post-operative classes had either focused on stretching,
resistance training, spine stabilisation exercises or mixed
physiotherapy techniques [44,46,47,52]. With little
agreement from these studies on what the key exercise
content should be and a lack of evidence in the scienti-
fic literature the focus of the classes was to get the
patient active, and it was decided to base the content on
the style of Frost et al[53] Back to Fitness programme,
but to extend these twice weekly classes over 6 weeks
rather than 4. Based on the success of the Back Café
concept described by Christensen et al [54] where
patients benefited from meeting and discussing their
surgery and progress with other patients, it was decided
to include a discussion forum in the rehabilitation
classes and for the classes to be of a rolling nature i.e.
classes run continuously with patients joining the classes
at their own allocated time rather than waiting for a
new batch of classes to start. This facilitates patients at
different stages of the post-operative journey sharing
their experiences with others in the class. To incorpo-
rate all of these issues each class will last a maximum of
one hour.
With the interventions in place it was possible to
design an appropriate trial, the aim of which was to
evaluate via a factorial randomised controlled trial, the
benefits of a rehabilitation programme and an education
booklet for the postoperative management of patients
undergoing discectomy or lateral nerve root decompres-
sion, each compared with “usual care”. The primary aim
of this study is therefore, to determine if the long-term
functional outcome of spinal surgery and patient satis-
faction can be improved via either a systematic pro-
gramme of post-operative rehabilitation or an
educational booklet, and whether a combination of both
is even more effective. A secondary objective is to assess
whether or not such approaches are cost-effective.
Methods/Design
Trial Design
Function after spinal treatment, exercise and rehabilita-
tion (FASTER) is a multi-centre, factorial, randomised,
parallel group controlled trial using validated measures
of outcome and with a parallel economic analysis. It
involves recruiting and consenting patients with symp-
toms, signs, and radiological findings of either lateral
nerve root compression or disc prolapse scheduled for
surgery who will be randomised using a 2 × 2 factorial
design to receive:
• Factor 1 - either a six-week programme of post-
operative rehabilitation or the relevant surgeon’s
usual postoperative care, which includes clinical
review and perhaps some very limited physiotherapy:
• Factor 2 - either an educational booklet ("Your
Back Operation” see below), or the surgeon’s usual
advice.
This will create 4 groups; rehabilitation-only, booklet-
only, rehabilitation-plus-booklet, and usual care only.
Allocation to a group will be stratified by surgeon and
surgical procedure and allocation will use random
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permuted blocks within strata. This ensures that each
participating surgeon and both surgical procedures will
have approximately equal numbers of patients allocated
to the 4 groups. Treatment allocation will be concealed
to avoid selection bias during recruitment. All patients
will be assessed for functional ability, pain, and satisfac-
tion pre-operatively and then at 6 weeks, 3, 6 and 9
months and 1 year post-operatively. This will be com-
plemented by a formal analysis of cost-effectiveness. A
summary is provided in figure 1.
Interventions
Surgical Intervention
All participants will undergo spinal surgery according to
their surgeon’s routine practice for that condition (i.e.
either lateral or central root canal decompression or dis-
cectomy). The details of the surgical procedure per-
formed (e.g. open versus micro-discectomy, single
versus multiple levels) will be recorded as potential
determinants of outcome, and a copy of the operation
notes will be obtained for all patients.
Rehabilitation Programme
Patients randomised to the rehabilitation arms of the
trial will commence the programme 6 to 8 weeks fol-
lowing surgery. The programme will run for 6 weeks
with patients attending for 1 hour twice a week. The
classes will be run by an experienced physiotherapist,
who will encourage patients individually to progress at
their own pace. This structure allows new patients to
Figure 1 Flowchart overview of the FASTER study.
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join the programme at any time rather than in ‘batches’.
There will be a maximum of ten patients per class,
located at the hospital where the surgery was performed.
The classes will be standardised using the principles
outlined by Frost et al [53] and will include: general
aerobic fitness work; stretching; stability exercises;
strengthening and endurance training for the back,
abdominal and leg muscles; ergonomic training; advice
on lifting and setting targets; and self-motivation. Parti-
cipants will be asked to undertake shorter (30 minute)
sessions of exercise at home. The classes will have a
cognitive therapy basis, and will include a group discus-
sion/open session at the end of each class where
patients can discuss any problems, worries and concerns
they have with each other and the physiotherapist. Com-
pliance with classes will be recorded on the basis of
attendance, and a subgroup analysis will be conducted
by proportion of classes attended. In addition the classes
will be reviewed regularly to ensure a uniform quality
and content.
Educational Booklet
Patients randomised to the booklet arms of the trial will
receive a copy of “Your Back operation”[55] on dis-
charge from hospital. This is an evidence-based booklet
designed for patients having surgery for either disc pro-
lapse or spinal decompression. Further details on the
construction and content of the booklet have been pre-
viously reported [34].
Usual care
Patients randomised to the usual care control group will
be managed according to the relevant surgeon’s usual
practice. The post-operative regimes of each surgeon
will be documented and patients will be questioned via
a self-completed questionnaire regarding any interven-
tions received or advice sought.
Outcome measures
The primary outcome measure is the Oswestry Disabil-
ity Index (ODI, version 2.1), a disease-specific patient-
completed questionnaire documenting function[56] of
known validity and reliability [57], measured at the one
year follow-up visit. This will be complemented by a
series of secondary outcome measures. At baseline (the
pre-operative assessment) and each follow-up point,
simple 10 cm visual analogue scales (VAS) will be used
to record least and usual back and leg pain, from which
average values will be derived [58]. Measures of patient
satisfaction will focus on the patient’s satisfaction with
the actual procedure undertaken and its outcome as
opposed to satisfaction with the hospital’s facilities, staff,
etc. This will be assessed directly using a 5 point Likert
scale ranging from ‘complete improvement’ to ‘signifi-
cant deterioration’, and indirectly by comparing actual
outcome with expected outcome. Expected outcome for
pain and function will be assessed pre-operatively and at
6 weeks post-operation using 10 cm VAS, with subse-
quent satisfaction relating to each of these measures
being assessed using similar VAS ranging from ‘comple-
tely satisfied’ to ‘completely dissatisfied’[19]. Participants
in the trial will be asked to complete the HADS [59], a
well validated instrument for the assessment of anxiety
and depression among patients in non-psychiatric hospi-
tal clinics at each assessment point. This will allow us to
take pre-operative psychological status into account as a
factor potentially affecting the outcome of surgery. In
similar fashion, we will use the physical activity compo-
nent of the Fear Avoidance Beliefs Questionnaire devel-
oped by Waddell et al[55] to take perceptions and
expectations into account as possible influences on
functional outcome. Information will also be collected
on the timing and extent of any return to work, plus the
nature of the participant’s occupation, and on the timing
and nature of any re-operations.
For the economic analysis we will collect data on costs
and health-related quality of life (HRQOL) from patients
in the trial. Costs will be collected from the perspective
of the NHS, personal and social services (PSS) and
patients and families. We will include costs for the fol-
lowing components where they are attributable to back
pain: post-surgery rehabilitation; education booklet; hos-
pital contacts (inpatient, day case, outpatient); primary
care contacts (general practitioner, practice nurse, com-
munity nurse); and medications. We will distinguish
between costs incurred by the NHS and by patients and
families. Resource use data for each cost component will
be obtained from patient diaries completed prospectively
and collected at each post-operative review. These data
will be combined with unit cost data from published
national sources [60-62] to compute the costs for each
patient in the trial. HRQOL will be measured using the
EQ-5D, a validated, global measure of quality of life
[63], which will also be measured at every post-operative
review.
Trial Sample
This trial has been approved by Hammersmith and
Queen Charlotte’s & Chelsea Hospitals Research Ethics
Committee, with site approval for Ravenscourt Park
Hospital, St Mary’s Hospital, St Thomas’ Hospital, Royal
Free Hospital, Heatherwood and Wexham Park Hospi-
tal, and Charing Cross Hospital.
Eligible patients include those currently on the waiting
list for spinal surgery with either (a) signs, symptoms
and radiological evidence of lateral nerve root compres-
sion, that is, patients presenting with radicular pain with
an associated neurological deficit or with neurogenic
claudication (pain in the buttock, thigh or leg that
improves with rest), or (b) lumbar disc prolapse, that is,
patients with root symptoms and signs and MRI confir-
mation of lumbar disc herniation. Patients with any of
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the following will be excluded from participation in the
trial; any condition where either the intervention or the
rehabilitation may have an adverse effect on the indivi-
dual; previous spinal surgery; spinal surgery where a
fusion procedure is planned due to the unknown
hazards of the activity programme for this type of sur-
gery; pregnant women; inadequate ability to complete
the trial assessment forms; any patient who is unable to
attend the rehabilitation or the reviews or who is unsui-
table for rehabilitation classes.
Written informed consent will be obtained from all
patients and baseline assessment completed prior to sur-
gery and randomisation into the trial. Patients will be
notified of their randomisation following surgery. Those
allocated to either the booklet-only group or the rehabi-
litation-plus-booklet group, will get the “Your back
operation” on discharge (see details below).
The trial aims to recruit 344 patients into the trial
with 86 patients in each of the 4 sub-groups. This fig-
ure was based on being able to detect a 20% relative
improvement in the Oswestry Disability Index (version
2.1). We anticipate a mean ODI of 40 in the control
group and 32 in the exercise group at 1 year, to have a
90% chance of detecting a between-group difference of
8 points on the ODI and declaring it statistically signif-
icant using a two-sided alpha= 0.05, requires a total of
344 patients. This calculation assumes a standard
deviation of 20 in each group and allows for loss to
follow-up of 23%, as found in earlier descriptive work
[20].
Proposed Analyses
Analyses will begin with a descriptive comparison of the
trial groups before surgery to confirm that randomisa-
tion has produced groups that are balanced with respect
to known confounders. This will include age, sex, type
of surgery, ethnic background, marital status, body mass
index, occupation type, work status and smoking status.
Pre-operative scores on the primary and secondary out-
comes will also be presented by group.
Full functional recovery from back surgery can be pro-
tracted, so the primary outcome of interest is the
between-group difference in score on the ODI at one-
year follow-up, based on intention-to-treat (modified to
exclude patients recruited in error). Missing outcome
data are expected because of this timeline. Multiple
imputation under missing at random [64] will be used
for patients with some follow-up but unmeasured one-
year outcomes.
Groups will be compared via analysis of covariance,
with adjustment for stratifying block using a linear
mixed model. If assumptions appear violated, some
transformation of the outcome will be taken such that
assumptions appear sensible. If this fails, a non-para-
metric test will be used.
Parallel analyses will be performed for booklet vs. no-
booklet and rehabilitation vs. no-rehabilitation, with the
sample-size calculation given above applying to each of
these. These calculations will be followed by an analysis
which tests for an interaction of effect of the two inter-
ventions on the primary outcome.
We will check whether the same pattern of outcomes
is apparent for patients undergoing lateral nerve root
decompression and those undergoing discectomy, and
for other subgroups defined by baseline body mass
index, baseline HADS score, and single versus multiple
anatomic levels of surgery. In addition to the analyses at
one year, we will also compare the groups at 6 weeks
(beginning of rehabilitation programme in the interven-
tion group) and 3, 6, and 9 months.
The economic analysis will conform to recommended
national guidelines [65]. We will undertake two analyses,
a short-run analysis and a long-run analysis. In the
short-run analysis the time horizon will be one year
post-surgery and the analysis will be based on the data
collected in the trial. In the long-run analysis we will
extrapolate beyond the end of the trial using a de novo
economic model to measure lifetime costs and benefits.
Cost-effectiveness will be calculated as (1) the incremen-
tal cost per unit of improvement in functional outcome
at one year, measured in terms of the primary outcome,
(2) the incremental cost per quality-adjusted life year
(QALY) gained at one year, and (3) the incremental cost
per QALY gained over the lifetime. These measures
summarise the extra costs and extra benefits of the
interventions and can be used to assess whether or not
they represent good value for money to the NHS. The
economic analysis will include comprehensive determi-
nistic and probabilistic sensitivity analyses to identify
the areas of uncertainty in our analysis and the likely
impact this will have on the results. We will also under-
take a budget impact analysis to assess what the likely
financial impact would be to the NHS if the interven-
tions were rolled out nationally.
Interim analysis
As active rehabilitation may potentially produce a worse
outcome, there will be an interim analysis once a third
of the target number of patients have reached 6 month
follow-up, this would allow for 60 patients per group for
the main effect of each factor. At this analysis, an inde-
pendent Data Monitoring Committee (DMC) will apply
stopping rules of p < 0.01 for harm, and p < 0.001 for
benefit associated with each intervention. We are
assuming that there is no interaction between the reha-
bilitation and booklet however we have requested that
the DMC inform us if it becomes apparent that this is
not the case. If the DMC recommend stopping recruit-
ment to one of the trial factors only, recruitment and
randomisation regarding the other factor will continue
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but the intervention to which the stopping rule has been
applied will be applied (or withheld) for all patients sub-
sequently randomised. For example, if an interim analy-
sis demonstrates a significant beneficial effect of
rehabilitation (based on the pre-specified stopping
rules), then both the non rehab groups i.e. no rehab no
book, book only will be stopped and the remaining trial
population will be randomised to either the rehabilita-
tion only or rehabilitation and booklet group.
Discussion
With a sizeable proportion of patients not regaining
good function, the outcome of spinal decompression
surgery is well short of ideal. This is mirrored in the dis-
cectomy population, where many patients are not able
to return to work or even fully regain activities of daily
living following surgery. The proposed trial will test
whether functional outcome following two common
spinal operations can be improved via a programme of
post-operative rehabilitation that combines professional
support and advice with graded, but eventually intense,
active exercise or an educational booklet based on evi-
dence-based messages and advice.
Acknowledgements
The authors would like to acknowledge the Arthritis Research Campaign,
who are currently funding this clinical trial.
Author details
1Surgery Cancer, Faculty of Medicine, Imperial College London, Charing
Cross Hospital Campus, London W6 8RP, UK. 2MRC Clinical Trials Unit, 222
Euston Road, London, NW1 2DA, UK. 3Department of Epidemiology and
Public Health, University College London, London, WC1E 6BT, UK. 4School of
Population Health and Clinical Practice Office, North Terrace, University of
Adelaide, SA 5005, Australia.
Authors’ contributions
AMcG: Evolved trial, research questions, design and outcomes. CJD: Advised
on the trial design, and statistical analysis. TPM: Trial Statistician and co-
ordinator of statistical analysis. SM: Trial economist responsible for design of
health economics. KJ: Worked with AMcG on concept, trial design, outcome
measures and literature reviews. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 11 January 2010
Accepted: 26 January 2010 Published: 26 January 2010
References
1. The Bone and Joint Decade. 1998http://www.boneandjointdecade.org/.
2. Maniadakis N, Gray A: The economic burden of back pain in the UK. Pain
2000, 84:95-103.
3. The prevalence of back pain in Britain: a report on OPCS omnibus
survey data produced on behalf of the Department of Health. London,
HMSO 1994.
4. Klaber Moffett J, Richardson G, Sheldon TA, Maynard A: Back Pain: Its
management and cost to society Centre for Health Economics. Univeristy of
York 1995.
5. Dagenais S, Caro J, Haldeman S: A systematic review of low back pain
cost of illness studies in the United States and internationally. Spine J
2008, 8:8-20.
6. Rhee JM, Schaufele M, Abdu WA: Radiculopathy and the herniated
lumbar disc. Controversies regarding pathophysiology and
management. J Bone Joint Surg Am 2006, 88:2070-2080.
7. Stromqvist B, Jonsson B, Fritzell P, Hagg O, Larsson BE, Lind B: The Swedish
National Register for lumbar spine surgery: Swedish Society for Spinal
Surgery. Acta Orthop Scand 2001, 72:99-106.
8. Chou R, Baisden J, Carragee EJ, Resnick DK, Shaffer WO, Loeser JD: Surgery
for low back pain: a review of the evidence for an American Pain
Society Clinical Practice Guideline. Spine 2009, 34:1094-1109.
9. Yee A, Adjei N, Do J, Ford M, Finkelstein J: Do patient expectations of
spinal surgery relate to functional outcome?. Clin Orthop Relat Res 2008,
466:1154-1161.
10. Athiviraham A, Yen D: Is spinal stenosis better treated surgically or
nonsurgically?. Clin Orthop Relat Res 2007, 458(90-3):90-93.
11. Chang Y, Singer DE, Wu YA, Keller RB, Atlas SJ: The effect of surgical and
nonsurgical treatment on longitudinal outcomes of lumbar spinal
stenosis over 10 years. J Am Geriatr Soc 2005, 53:785-792.
12. Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE: Long-term outcomes of
surgical and nonsurgical management of lumbar spinal stenosis: 8 to 10
year results from the maine lumbar spine study. Spine 2005, 30:936-943.
13. Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE: Long-term outcomes of
surgical and nonsurgical management of sciatica secondary to a lumbar
disc herniation: 10 year results from the maine lumbar spine study.
Spine 2005, 30:927-935.
14. Gibson JN, Waddell G: Surgical interventions for lumbar disc prolapse:
updated Cochrane Review. Spine 2007, 32:1735-1747.
15. Weinstein JN, Lurie JD, Tosteson TD, Tosteson AN, Blood EA, Abdu WA,
et al: Surgical versus nonoperative treatment for lumbar disc herniation:
four-year results for the Spine Patient Outcomes Research Trial (SPORT).
Spine 2008, 33:2789-2800.
16. Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Blood E, Hanscom B,
et al: Surgical versus nonsurgical therapy for lumbar spinal stenosis. N
Engl J Med 2008, 358:794-810.
17. Gunzburg R, Szpalski M: The conservative surgical treatment of lumbar
spinal stenosis in the elderly. Eur Spine J 2003, 12(Suppl 2):S176-S180.
18. Turner JA, Ersek M, Herron L, Deyo R: Surgery for lumbar spinal stenosis.
Attempted meta-analysis of the literature. Spine 1992, 1-8.
19. McGregor AH, Hughes SP: The evaluation of the surgical management of
nerve root compression in patients with low back pain: Part 2: patient
expectations and satisfaction. Spine 2002, 27:1471-1476.
20. McGregor AH, Hughes SP: The evaluation of the surgical management of
nerve root compression in patients with low back pain: Part 1: the
assessment of outcome. Spine 2002, 27:1465-1470.
21. Hakkinen A, Kautiainen H, Sintonen H, Ylinen J: Health related quality of
life after lumbar disc surgery: a prospective study of 145 patients. Disabil
Rehabil 2005, 27:94-100.
22. Solberg TK, Nygaard OP, Sjaavik K, Hofoss D, Ingebrigtsen T: The risk of
“getting worse” after lumbar microdiscectomy. Eur Spine J 2005, 14:49-54.
23. Stromqvist B: Evidence-based lumbar spine surgery. The role of national
registration. Acta Orthop Scand Suppl 2002, 73:34-39.
24. Yorimitsu E, Chiba K, Toyama Y, Hirabayashi K: Long-term outcomes of
standard discectomy for lumbar disc herniation: a follow-up study of
more than 10 years. Spine 2001, 26:652-657.
25. Thomas KC, Fisher CG, Boyd M, Bishop P, Wing P, Dvorak MF: Outcome
evaluation of surgical and nonsurgical management of lumbar disc
protrusion causing radiculopathy. Spine 2007, 32:1414-1422.
26. Fritzell P, Hagg O, Wessberg P, Nordwall A: 2001 Volvo Award Winner in
Clinical Studies: Lumbar fusion versus nonsurgical treatment for chronic
low back pain: a multicenter randomized controlled trial from the
Swedish Lumbar Spine Study Group. Spine 2001, 26:2521-2532.
27. Hagg O, Fritzell P, Ekselius L, Nordwall A: Predictors of outcome in fusion
surgery for chronic low back pain. A report from the Swedish Lumbar
Spine Study. Eur Spine J 2003, 12:22-33.
28. Arts MP, Brand R, Akker van den ME, Koes BW, Bartels RH, Peul WC: Tubular
diskectomy vs conventional microdiskectomy for sciatica: a randomized
controlled trial. JAMA 2009, 302:149-158.
McGregor et al. BMC Musculoskeletal Disorders 2010, 11:17
http://www.biomedcentral.com/1471-2474/11/17
Page 7 of 8
29. Harrington JF, French P: Open versus minimally invasive lumbar
microdiscectomy: comparison of operative times, length of hospital stay,
narcotic use and complications. Minim Invasive Neurosurg 2008, 51:30-35.
30. Herno A: Surgical results of lumbar spinal stenosis. Ann Chir Gynaecol
Suppl 1995, 210:1-969.
31. Matsudaira K, Yamazaki T, Seichi A, Hoshi K, Hara N, Ogiwara S, et al:
Modified fenestration with restorative spinoplasty for lumbar spinal
stenosis. J Neurosurg Spine 2009, 10:587-594.
32. Danielsen JM, Johnsen R, Kibsgaard SK, Hellevik E: Early aggressive exercise
for postoperative rehabilitation after discectomy. Spine 2000,
25:1015-1020.
33. Johansson AC, Linton SJ, Bergkvist L, Nilsson O, Cornefjord M: Clinic-based
training in comparison to home-based training after first-time lumbar
disc surgery: a randomised controlled trial. Eur Spine J 2009, 18:398-409.
34. McGregor AH, Burton AK, Sell P, Waddell G: The development of an
evidence-based patient booklet for patients undergoing lumbar
discectomy and un-instrumented decompression. Eur Spine J 2007,
16:339-346.
35. McGregor AH, Dicken B, Jamrozik K: National audit of post-operative
management in spinal surgery. BMC Musculoskelet Disord 2006, 7:47.
36. Kahanovitz N, Viola K, Muculloch J: Limited surgical discectomy and
microdiscectomy. A clinical comparison. Spine 1989, 14:79-81.
37. Long DM: Decision making in lumbar disc disease. Clin Neurosurg 1992,
39:36-51.
38. Magnusson ML, Pope MH, Wilder DG, Szpalski M, Spratt K: Is there a
rational basis for post-surgical lifting restrictions? 1. Current
understanding. Eur Spine J 1999, 8:170-178.
39. Hides JA, Stokes MJ, Saide M, Jull GA, Cooper DH: Evidence of lumbar
multifidus muscle wasting ipsilateral to symptoms in patients with
acute/subacute low back pain. Spine 1994, 19:165-172.
40. Hodges P, Hoorn van den W, Dawson A, Cholewicki J: Changes in the
mechanical properties of the trunk in low back pain may be associated
with recurrence. J Biomech 2009, 42:61-66.
41. Rantanen J, Hurme M, Falck B, Alaranta H, Nykvist F, Lehto M, et al: The
lumbar multifidus muscle five years after surgery for a lumbar
intervertebral disc herniation. Spine 1993, 18:568-574.
42. Taylor H, McGregor AH, Medhi-Zadeh S, Richards S, Kahn N, Zadeh JA, et al:
The impact of self-retaining retractors on the paraspinal muscles during
posterior spinal surgery. Spine 2002, 27:2758-2762.
43. Ostelo RW, de Vet HC, Waddell G, Kerckhoffs MR, Leffers P, van TM:
Rehabilitation following first-time lumbar disc surgery: a systematic
review within the framework of the cochrane collaboration. Spine 2003,
28:209-218.
44. Hakkinen A, Ylinen J, Kautiainen H, Tarvainen U, Kiviranta I: Effects of home
strength training and stretching versus stretching alone after lumbar
disk surgery: a randomized study with a 1-year follow-up. Arch Phys Med
Rehabil 2005, 86:865-870.
45. Ostelo RW, Goossens ME, de Vet HC, Brandt van den PA: Economic
evaluation of a behavioral-graded activity program compared to
physical therapy for patients following lumbar disc surgery. Spine 2004,
29:615-622.
46. Millisdotter M, Stromqvist B: Early neuromuscular customized training
after surgery for lumbar disc herniation: a prospective controlled study.
Eur Spine J 2007, 16:19-26.
47. Mannion AF, Denzler R, Dvorak J, Muntener M, Grob D: A randomised
controlled trial of post-operative rehabilitation after surgical
decompression of the lumbar spine. Eur Spine J 2007, 16:1101-1117.
48. Nielsen PR, Andreasen J, Asmussen M, Tonnesen H: Costs and quality of
life for prehabilitation and early rehabilitation after surgery of the
lumbar spine. BMC Health Serv Res 2008, 8:209.
49. Burton AK, Waddell G, Tillotson KM, Summerton N: Information and advice
to patients with back pain can have a positive effect. A randomized
controlled trial of a novel educational booklet in primary care. Spine
1999, 24:2484-2491.
50. Roland M, Waddell G, Klaber Moffett J, Burton AK, Main CJ, Cantrell T: The
Back Book London: The Stationary Office 1996.
51. Waddell G, Sell P, McGregor AH, Burton AK: Your back operation London:
The Stationary Office 2005.
52. Erdogmus CB, Resch KL, Sabitzer R, Muller H, Nuhr M, Schoggl A, et al:
Physiotherapy-based rehabilitation following disc herniation operation:
results of a randomized clinical trial. Spine 2007, 32:2041-2049.
53. Frost H, Lamb SE, Klaber Moffett JA, Fairbank JC, Moser JS: A fitness
programme for patients with chronic low back pain: 2-year follow-up of
a randomised controlled trial. Pain 1998, 75:273-279.
54. Christensen FB, Laurberg I, Bunger CE: Importance of the back-cafe
concept to rehabilitation after lumbar spinal fusion: a randomized
clinical study with a 2-year follow-up. Spine 2003, 28:2561-2569.
55. Waddell G, Newton M, Henderson I, Somerville D, Main CJ: A Fear-
Avoidance Beliefs Questionnaire (FABQ) and the role of fear-avoidance
beliefs in chronic low back pain and disability. Pain 1993, 52:157-168.
56. Fairbank JC, Couper J, Davies JB, O’Brien JP: The Oswestry low back pain
disability questionnaire. Physiotherapy 1980, 66:271-273.
57. Holm I, Friis A, Storheim K, Brox JI: Measuring self-reported functional
status and pain in patients with chronic low back pain by postal
questionnaires: a reliability study. Spine 2003, 28:828-833.
58. Jensen MP, Turner LR, Turner JA, Romano JM: The use of multiple-item
scales for pain intensity measurement in chronic pain patients. Pain
1996, 67:35-40.
59. Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67:361-370.
60. British National Formulary. 2009http://www.bnf.org.
61. Department of Health. 2008http://www.dh.gov.uk/en/
Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/
DH_082571.
62. Curtis L, Nettern A: Unit costs of health and social care 2007. PSSRU 2008.
63. EuroQol–a new facility for the measurement of health-related quality of
life. The EuroQol Group. Health Policy 1990, 16:199-208.
64. Rubin DB, (Eds): Inference and missing data. Biometrika 1976, 63:581-592.
65. National Institute for Health and Clinical Excellence: Guide to the methods
of technology appraisal. NICE, London 2008.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-2474/11/17/prepub
doi:10.1186/1471-2474-11-17
Cite this article as: McGregor et al.: Function after spinal treatment,
exercise and rehabilitation (FASTER): improving the functional outcome
of spinal surgery. BMC Musculoskeletal Disorders 2010 11:17.
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
McGregor et al. BMC Musculoskeletal Disorders 2010, 11:17
http://www.biomedcentral.com/1471-2474/11/17
Page 8 of 8
